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Effects of Benzoquinone on Aggregation and Cytotoxicity in Platelets
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ABSTRACT : Previous studies showed that benzoquinone derivatives inhibited platelet aggregation, but
there is no information available on their cytotoxicity to platelets. In the present study, washed platelets
isolated from rats were treated with 1,4-benzoquinone, a representative benzoquinone derivative, to
examine its antiaggregating effect and cytotoxicity. 1,4-Benzoquinone significantly inhibited thrombin-
induced platelet aggregation. Consistent with this finding, 1,4-benzoquinone suppressed cytosolic calcium
increase induced by thrombin. To examine the cytotoxicity by 1,4-benzoquinone in platelets, turbidometry
and lactate dehydrogenase release were measured. Treatment with 1,4-benzoquinone resulted in slight
cytotoxicity (30% release at 60 min) to platelets. Howeuver, the cytotoxicity was not correlated with increase
of cytosolic calcium levels in platelets. All these data suggested that 1,4-benzoquinone inhibited thrombin-
induced platelet aggregation mediated by inhibition of calcium level increase and that 1,4-benzoquinone
reveals cytotoxicity to some extent without alteration of calcium level in platelets.
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g2 P 4R = A8 (hemostasis) X ¥A
(thrombosis) AAI2} ZHE AW ZF i) lojr] T3
AE FFshe MEeltt. &, P3e] EEH, 34 A
Foll 93] &3S o agbe] FAIE] 4oy
43 2 g3 F-2(Stormorken, 1984)y% doA d#y
< AAYAINAG FHE A A ] AR
A4 Aeleld NOY PGE, 59 A 334 <=}
o sl ZAE I AT WA Lglelt 3t EAloff ¢
3] ol&fat wajo] A A% dAe Hx YO R <3
T 73] AdH Mo F2 fdqeE EE 5
3t

et Al g4 3-8 JAITe RN d3Asg
ogulsliat @ @77 B =<l Adenosine receptor
£ zp5+s}= adenosine F-A4 (Vittori =, 1996), cGMPE
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Z7A71= furoxan F=A] (Civelli =, 1994)2} NO donor
(Bassenge & Stewart, 1988), thromboxane M3 &Al|#]
(Verstraete 5, 1995), prostacyclin A (Katsube %,
1993) 5o] o $AE AAIg . BIE]d
QuinoneA| EAE-L AW de] EAldh= 23R F
&, 2]&, bacteria, fungi vl SA3}ed A ] EFot
A3 5ol FAE AR A2A Y A AAEos 2h83)
] QAZbIA 243 7 o EAEXR E3] x=Fd
(Monks 5, 1992). ©]|23t quinoned] &4-2 34A), 37
vle] A, mult-vitamin A 2% ARSI, 1 9 sgF
24, e A] 214-(Lien 5, 1996) 5o] 3lom, el
E dagoMe] g3 2L of-galM A2
o] AlxEle]A]a 9l AR7HA] Bargl Aol A
53 =8-8 Hol: naphthoquinoned] £7ol|= pho-
sphoinositide®] #3524 E7] FATe] S312he-
€ 74P AAE= 2-chloro-3-methyl-1,4-naphthoquinone
(Ko &, 1990), AFe] FA4-7ol|A intracellular Ca™2] o]
F& vbalsled dhe-%] FARE- Ho|= menadione 2 vit-
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amin K 54 (Blackwell 5, 1985), ©]£]ol| % thromboxane
A, synthaseZ A3l 4% &S T NQ-YIS
(Chang 5, 1997) 5] ¥ =i}l 22w} benzoquinone
Ad EXZHE  2-methoxy-5-methyl-1,4-benzoquinone
(Lauer 5, 1991), arylmethyl-1,4- benzoquinones(Suzuki -,
1997) o] 4% A e Zeri deA 9ot
2871l Fsled= A= 8l7} $iok. =3 benzoquinone
2 & quinone AlFoA == oxidative stresselE &
g arylatione]] 2|3}e] MEEAJo] Yojulr] wjEoll(Seung
%, 1998) Ae=oA e MESAE oS qld.

£ gd79l*= quinoned] E7<] 1,4-benzoquinone
Adlste] dagt 3 oA 22 dad A3
calcium &A|2} F&do] g)-S gz}t FAlod benzo-
quinone®] FAIhfo] MEEA AEE A7l

IL ME % Yy
1. dESE

Sprague-Dawley 17 3FE M gta FEA AL
2 e FFkel, 45 oA B3 ARG, Korea))
Alggle] ARgslodem, AF 200220 go] He AL A
o] AFRBleiTt ARRA] wlm wre] ZF7)7} zhzb 12R)7H4
HES 3o

2. Washed Platelets &2|

2#E diethyletherZ v F 7] 838le] BrjEiogy
el APsigdc}. o] v SIAZE acid-citrate-dextrose
(85 mM trisodium citrate, 71 mM citric acid, 111 mM
dextroseys 1:69] vl-&Z A3l S8 93 4
o A 3}E WAlE)7] 9l5ke] 18 gauge needleo] R F-
A2 AFaisdeh. APAE 150 goll A 1587 dal&e
3lo] ARG FHFa, ©]F 500 gollH 1087 UAlE=
Blod pellets -2 ¥, washing buffer(138 mM NaCl, 2.8
mM KCl, 0.8mM KH,PO, 08mM MgCL, 10mM
HEPES, 5.6 mM dextrose, 10% acid-citrate-dextrose, 0.35%
BSA, pH7.4)5 7}13)] A3k o] & oA 500 goll A 1087k
LiHE s oJ7]olM e AT pellets HEPES-
Tyrode's suspension buffer(138 mM NaCl, 2.8 mM KClI,
0.8 mM KH,PO,, 0.8 mM MgCl,, 10 mM HEPES, 5.6
mM dextrose, pH 7.4)2 2|8} A|Zt}. o] 9} ZEo] Fn]3H
washed platelets(WP) 52| 4g = 3313n]7 Ao
] hemacytometersS- ©]-83le] EA3}51 0, 3x10°cells/
mle] H=E- 35t} o37]ell CaClLE 718l 3HF =71 1
mMe] FHA g5 Aol ARg3sle

3. 82T SEH

Turbidometric methodel] ©]3}¢d lumi-aggregometer (Chro-
nolog corp. Harvertown, USAYS o¢]-83le] A3l
Suspension bufferl] 2|8t FH=E 100%=, WP &%
=5 0% AT 5, Fag S3lof whE F3=o] Wat
E &3} o] Wi WPE silicon coating®l cuvetteo]]
A 37°CellA] 1200 rpmol| A A& 22 wubshEA 13
ZF ¥ 3 A1zl ¥ thrombin(0.08~0.1 UmyE 713fe] £
AHE Fxslsdx 3% 5o FA3AT}. Benzoquinoned:
AAMe] dteod SAHAAALE FAslAl 3= Hole
WPE 187 ¢4 #8132 benzoquinoneS 587} incubation
3t ¥ thrombin(0.1 U/miy 71313} Benzoquinone2]
vehicleZ3 DMSO 0.5%% AH-313E |, o sxelre
o] 33 U AESA ] 9 vjx)A] skl

4. 22Tl [Ca™), &F

8% dyer} loading® A4S ZAE7] Hsted cal-
cium green-1/AMel| anhydrous DMSOZE 7}3] 3 mMZ
9=t Dye 8943 20% Pluronic F-127% loading
buffer(137 mM NaCl, 27 mM KCl, 0.4 mM NaH,PO,, 10
mM HEPES, 12 mM NaHCO,, 5.5 mM dextrose, 0.35%
BSA)l 718A dye®] #E5%E calcium green-1/AM-2
3uM2 2., pluronic F-1272 0.02%, DMSO= 0.2%Z %
3. 3 dye?] AM HeE A 80| 22 A x2S
gk}, 25 A E W9 esteraseol] 23 EallE Al E o
F &=} Calcium green-1/AMS A EWZ loading?]7]7]
S8l o3 7ol Z=}3}lgict. Washing bufferel] EFA|7]
33 A4S 500 gollM 1087 YA sl g &
2% pelletl] 3% dye’} 375 loading buffers 71|
HekA|7] F 37°Coll A calcium green-1/AMS] 7-9% 14]
7+ &<} incubation 3lg}. Incubatione] B% ¥ WPE
o] 500 goll A 1087 RAEE] & F, 7kl pelletel]
HEPES-Tyrode's bufferZ- 713l 3eha}al 33t3in]7 AellA
hemacytometerZ ©|-8-3le] SAslod A EFZE 3x10% cells/
miZ. 2r3elt}. Autofluorescence Z4-S 938l 3 dyeol]
EE2EE AL A3 A 224S 5 3 WPE
A 2=AIE F MEW calcium 55 4390

Spectrofluorimeter®] EXZ- 506 nm, EME 533 nm2.&
Y A)Z) F calcium green-10] loading® WPE €31 37°C
oAl wdkspHA 127} preincubation3tF 7 FEo)
menadione = DMSOE- ¥al 587} vhEA1Z ). o7]e]]
thrombin(0.1 U/mly& 7}8kd %715+ fluorescence inten-
sityS 35-2F SAsIS A2 calcium FEAARS 913
calibration2- calcium 1mM®] ¥f% WP EGTA 4



mM % Tris 30 uME F8}) 9% calcium chelation
A7) F, digitonin(50 pg/mS 78 4143k flourescence
intensityZ F o2 33 o17]9] CaCl4 mM)yE 715}
%7} fluorescence intensity® F,, = H3ict. o] 3HS oF
Halell SH3sted calcium FEL SAFsidc.

[Caz.qi = Kd (F - Fmin)/(Fmax - F>’ Kd:: 190 nM
5. Lactate Dehydrogenase F-&4#

HAHR R RE lactate dehydrogenase(LDH) 22 spec-
trophotometry HPH-& AR3-3lgde}. 37°CE 7183t Tris-
EDTA-NADH buffer(pH 7.4) 1.0 miol} 0.025 mi2] $14]-2
23 wpe] AES- 718 37°Cell A 1087} incubation
3lodct. od7jell 37°CellM wig] 7123 14 mM pyruvate®
0.1 m! 7}5k2 339 nmell M) FE= AAE SR &
FE &5 NADHY AEREGEE ofnjsld ol% &
Ao 2 HE f2ld LDHY BA=2 Jepich

6. S

Turbidity datat= 33) o]} A¥sle] FYI 3] vha
T ARE 6 2 F AR 298E darE A
g data= 33 oA AYsE ¥ 1 ZhE meanstSEMZ
2 FA . A7) Aol one-way ANOVA tests
433+ ¥ Duncan’s multiple range tests AA)3l] F-2]
e A B2 7)Ao 8 p<0.05 Q) A
+ oA Sl ez IR

Im. 22 % o&

25 ¥4% washed platelets(WPYS £2l3
agonist¢l thrombing ARESle] A wt $-%18 A
©}. 1,4-benzoquinones 5E Axj2|dF ZAI 1,4-benzo-
quinone < 55 2]EH 02 ¥4 338 AAFS e
F3 §)vHFig. 1). 4% A )M intracellular cal-
cium®] g2 wl-g- Fo sl oduiA Q7] Wl cal-
cium green-1 dyeE AREsled g gAIstAle] intra-
cellular calcium {35 &elsldet. Thrombing 7}&hd
intracellular calcium %7} §43] $715HS HoF31 gl
£ ©)8i8t $7F= 14-benzoquinone Az)8)ol) 2)3}eq
T YEHLE A4S BT gl (Fig. 2). o] A3}
= 14-benzoquinoneol] 2[8F B 23] A JAT} F
43S B3l 9l [4-benzoquinone AT $-3
A 28742 intracellular calcium 57} JAZ AR
T AUSS AAFE slek
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Fig. 1. Effect of 1,4-benzoquinone on platelet aggregation induced by
thrombin. Rat washed platelets were incubated with various con-
centrations of 1,4-benzoquinone or DMSO (control) at 37°C. Platelet
aggregation was measured using a lumi-aggregometer following
addition of thrombin (0.1 U/ml). Arrow indicates the time of thrombin
addition. Figure is representative of three experiments.
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Fig. 2. Effect of 1,4-benzoguinone on cytosolic calcium levels
induced by thrombin. Calcium green-1 loaded platelets in a fluorimeter
cuvette were preincubated for 1 min and then pretreated with various
concentrations of 1,4-benzoquinone for additional 3 min. Platelet
aggregation was induced by addition of thrombin (0.1 U/ml);
fluorescence was measured for 3 min at the excitation wavelength
(506 nm) and the emission wavelength (533 nm). Calculation of
cytosolic calcium levels was described under Materials and Methods.
Figure is representative of three experiments.

Quinone AY FlA benzoquinoned YHFH O Z 4
o] MEZSA ] 745 ZALZ ¥ I (Seung 5, 1998)=]3L
7] Wl 1,4-benzoquinone®] AT A AAE Ao
7= IC,, THY = 25 uMS AAsle) Fage] A=
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Fig. 3. Turbidity change of rat platelet induced by 1,4-benzoquinone.
Rat washed platelets were incubated with 1,4-benzoguinone (25 yM)

or DMSO (control) at 37°C for 1 hr and turbidity change was measured
using aggregometer. Figure is representative of three experiments.
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Fig. 4. Time dependence of cytotoxicity in rat platelets induced by
L.4-benzoquinone. Washed platelets were incubated with 14-
benzogquinone (25 uM) or DMSO (control) at 37°C. LDH leakage was
measured as described in materials and methods. Values are meanst
SEM (n=3).

3L d7skget. 4 platelet aggregometer’d2 tur-
bidity M2 shdslelchFig. 3). 28F 1082 oY ur-
bidity 718 7S "4 shape changezhil ALEH
™ 308 F<t rurbidity®] A EEA AR BBHG
o ME539] 2AgAe) 2R LDH release® 795
A3} 25 uM 1,4-benzoquinoneS A&t 7$- LDH release
7} 308 39 30%2] release® BYLZH turbidity 23}
o} Ak A& Bolat gk Quinone AGY] AE EA
£ intracellular calciom €78} B 2l-Eo] H I (Nicotera
%, 1989E 3 9171 W<l 1 4-benzoquinone Al F A
X calciume] F7PR=AE AP 5). 14
benzoquinone2 25 uM2} Eeol A intracellular calcium
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Fig. 5. Effect of 1,4-benzoquinone on cytosolic calcium levels in
platelets. To measure effect of 1,4-benzoquinone on cytosolic calcium
levels, calcium green-1 loaded platelets in a fluorimeter cuvette were
pretreated with 1,4-benzoquinone or DMSO vehicle control for 5 min.
Fluorescence was measured for 3 min at the excitation wavelength
(506 nm) and the emission wavelength (533 nm). Calculation of
cytosolic calcium levels was described under Materials and Methods.
Values are means=SEM (n = 3).

F7HE A fEE et

B A<l 1,4-benzoquinoned agonist?] thrombin®l]
2J3} intracellular calcium $71= 55 2]&X 08 a4
71249k (Fig. 2), 1,4-benzoquinone Ak intracellular cal-
ciume F7HIZIA WSE(Fig. 5Y% U5 ok A g
intracellular calcium®] W3l olg} o}g) 722 Ahbg
35 vk & agonist AFS £33 €49 el w
2 intracellualr calcium $7F= 14-benzoquinonee] =}
@ 4 91A9 1,4-benzoquinone A= FAF calcium
7o} B machinary 2ol 21ked calcium levelel ¥
35 dov)A W=t 3 SAPdE] )X calcium®)
A AT calcium®] F7F EEA ] Hedgid=
Bue oy @or calcium®] 717} AESAL final
common pathway®]™ bleb A I ruptures] = o4 F
31k 3 sl (Thor 5, 1982; Di Monte 5, 1984). &
AFofA] 25uM 1.4-benzoquinoned 308742} k7ol Al
F F4E AR 2 calcium HERs 1R
A7) Wiol MEEAS 27] GA(LDH release 30% )
hell e HE calcium M3} doluiA] 43S o 4
oict.

AE W calcium HEHSA-E % dye o] E-8lo] AlL3)
o 7P 2 22 Aeld) quinone BEMER 93}
o dye?] excitations} emissionol] *38F& u]X]:= quenching
effecto]=}. 1,4-Benzoguinone 400 nm7}#} absorption®}




7] dgell S E AM-EE fura-2 HAle) calcium
green-15 ©|-83ked calcium ¥W3IE &AFS}. Calcium
green-1-2 visible 39|} excitationZ} emission¥ = 3
F dye® a@olA9] calcium FEHIE 23 A
1,4-benzoquinone®] 7+ gle] calcium WH3IE 2Ag 5
%12 =3} thrombinol] 93} calcium £7}% Fura-22
FAA e} FARRE AAE Bol 9lslvh(Lee 5, 1999).

2 dFo)|A 1,4-benzoquinone?] MEFAL Q7317
Aste] AR FEE 25 pMER A S5 9AA
71 ICs, T2 T=F AMslE. B 6l d4a% 34
A #g-o] B 31¥ 2-methoxy-5-methyl-1,4-benzoquinone,
arylmethyl-1,4-benzoquinones 5~ ICs,¢] 5uM v]2HLauer
%, 1991; Suzuki 5, 1997)°]X]5F UHFA 2. 2. benzoquinone
2 o2 quinonedll )3} arylationS E3le] 78k A 2=
A& wi7Nsl7] W], 25 uMellA] k7o) M E EAJ o] H
Z=]7] w5l benzoquinone F=AE AW 3% oA
Az s lelle 549 BAE A58 HESlodof
& 7o},
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